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I. Introduction
Economics rediscovered geography relatively recently (Krugman, 1991) and since that time there has been a healthy literature estimating the impact of physical distance on knowledge flows (e.g. Jaffe et al., 1993; Jaffe and Trajtenberg, 1999; Keller, 2002) . The timing is ironic (as pointed out by Audretsch and Stephan, 1996) , coming just as the popular press, and technology experts in particular, herald the "demise of distance" in the flow of technological information (e.g. Gleick, 2002) . Surely electronic communication, web-assisted patent searches, cellular phones and teleconferencing have eroded--if not erased--the importance of distance just as we economists are measuring it? Should we now expect a growing literature on industrial "de-clustering"? This paper uses granted U.S. patents to measure the importance of physical distance to knowledge flows. We measure the physical distance between collaborating inventors, as well as distances between inventors and the technology cited in their bibliographies. From these data, we note an obvious change over time while controlling for other factors, and have interesting implications about the distancedissolving effects of the communication revolution: firms and independent inventors benefit in distinctly different ways, while some states and technology classes are obvious winners over their peers.
II. Data
Every patent includes the names and addresses of all inventors and assignees (usually a firm, but sometimes an individual or government department who retains the patent rights). We limit our analysis to patents with at sufficient locational information to calculate distances from United States Geological Survey data (i.e. collaboration analysis required at least two inventors with U.S. addresses, while citation analysis required one U.S. address in each of the citing and cited patents). Data availability dictate our observation period (citing and cited patents granted between 1975 and 1999) since previous years are only accessible in paper form 1 . This gives us a full sample of just over half a million patents between 1975 and 1999, with roughly one and a half million collaborative distances and twenty million citation distances. For computational purposes, we used a random sample of every tenth citation (roughly two million observations) for citation analysis.
Despite other valid reasons for the existence of patent citations (e.g. legal documentation of infringement boundaries, or additions by patent examiners for clarification), there is good evidence that the majority reflect a flow of knowledge (Jaffe et al., 2000) . Patents themselves can be criticized as an inadequate measure of technological knowledge, but they at least provide a reliable, available source of recorded innovation, all of which pass a benchmark level of novelty and usefulness (Griliches, 1990 
III. Estimation and Results
We estimate a Tobit model, realizing that distance values are always subject to a lower bound of zero and an upper bound limited by the area of analysis (the United
States, since we consider only patents with domestic applicants). Regression results are distance calculations, are from Hall et al. (2001) . 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 shown in Table 1 for the distance between citations and the distance between collaborators.
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The primary results show strong evidence that distance is increasing over time.
The time trend is strong, positive and significant, with citation distance rising at an average rate of 6.94 miles per year and collaborator distance rising at an average of 3.80 miles per year, holding other effects constant. Thus, a patent granted in 1991 will tend to rely on patents 140 miles further away than a similar 1971 patent did, with collaborators an average of 76 miles further apart.
2 Notice that the R-squared values are almost zero, indicating that variation in our chosen variables does not explain the variation in roughly two million observations. We were unsurprised and focus our attention instead on the t-statistics for the variable of interest, namely "trend". with those which have seen the strongest "de-clustering," are listed in Table 2 .
One portion of Table 2 Of particular interest is the fact that collaborator distance has risen for firms (whether U.S. or foreign-owned) but made no particular change for other assignees.
Presumably, the impact of recent communication advances has benefited the networking ability of firms more strikingly than that of individuals. This trend actually narrows a long-standing gap between firms and individual inventors, who have had a substantially larger distance between collaborators throughout the sample period.
IV. Conclusion
In an attempt to reconcile the economics literature with the technology literature, we have found strong evidence of a trend towards longer transmission distances of technological information, via patent collaborations and bibliographies. Thus, we paint a picture of general "industrial de-clustering" in information networks. The pull of localized knowledge has weakened markedly, decaying in a slow trend with time.
However, there has been substantial discussion about, and investigation into, the "digital divide" as it separates citizens and students from their peers. Yet those same forces are at work on the inventive process, separating inventors from potentially useful information or productive collaborators. While we have shown that physical distance is diminishing in its impact on the flow of technological information, and on collaborative ventures between co-inventors, we have also shown that the trend is stronger for some states, some technologies, and some types of inventors. Indeed, some cases have reversed the trend, and are still progressing toward more tightly clustered information flows.
There is a role for policy-related research here, to identify the peculiarities about a sector, a type of inventor, or a region, those characteristics which make it more or less amenable to long-distance communication of technological information. With welldirected policy, perhaps we can avoid the obvious tendency for those groups to invent more slowly, transform more slowly, and grow more slowly.
With apologies to Mark Twain, "reports of the demise of distance have been greatly exaggerated." However, its grip has been gravely weakened.
